A convenient synthetic methodfor the marine antibiotic ( -)-malyngolide and its stereoisomers wasaccomplishedfrom a chiral a-alkoxyketone(4), whichwas readily available as a chiron. Chiral quaternary carbon synthons (5a) and (5b) as the key intermediates were constructed by the chelation controlled addition of Grignard reagent to 4. The diastereomeric mixture of 5a and 5b was readily transformed into a separable mixture of lactones (7a) and (7b), each of which could be easily separated by silica-gel column chromatography. ( -)-Malyngolide and its three steroisomers were obtained in optically pure form without the need for optical resolution.
Marine antibiotic ( -)-malyngolide (( -)-l),
which was isolated from a shallow water variety of the blue-green alga, Lyngbya majuscula Gomont, possesses interesting biological activity and a unique structural feature.1} Since then, considerable attention has been focused on the development of a methodology for the asymmetric synthesis of (-)-l and its stereoisomers, and numerous synthetic methods have been reported.2~10)
In the previous paper,11} we reported a convenient synthesis of (±)-malyngolide ((±)-l) and its (±)-C2-epimer ((±)-l' )5 and their optical resolution by HPLC. In this communication, we report the stereoselective synthesis of (-)-malyngolide ((-)-l) and its three stereoisomers from chiral a-alkoxyketones (4a) and (4b), which are readily available chirons, as shown in schemes I-IV. The key step in our synthetic strategy is the nucleophilic addition of Grignard reagent to 4a or 4b involving a I. Ichimoto et al.
First, 4a was allowed to react with nnonylmagnesium bromide to give an inseparable diastereomeric mixture of 5a and 5b.
Consequently, the mixture of 5a and 5b was transformed into a separable mixture of7a and 7b by treating 5a and 5b with NaIO4/OsO4 to give corresponding lactols (6a) and (6b), and subsequent oxidation with PDC afforded a 4 : 1 separable disateromeric mixture of7a and 7b, which could be readily separated to each of the pure isomers by silica-gel column chromatography (51.4% yield from 5). Namely, the nucleophilic addition of Grignard reagent to the carbonyl group in 4a proceeded with a chelation-controlled a-asymmetric induction to yield a 4:1 mixture of5a and 5b, as was reasonably expected.12) Weturned next to elaborate chiral quaternary carbon synthon 5b, which was utilized as the key intermediate for the synthesis of (+)-malyngolide ((+)-l) and its C2-epimer ((-)-1'). The reaction of 4b with 4-pentenylmagnesium bromide gave a diastereomeric mixture of 5a and 5b (75%), which was treated with NaIO4/OsO4 and followed by oxidation with PDCto afford a 1 :7 separable mixture of7a and 7b in a 51% yield from 5. The desired lactone (7b) could be readily separated by silica-gel column chromatography (44%). Compound 7b was converted into (+^mal-
e.e.) and its C2-epimer , 99.3% e.e.) in the same manner as that just described (Scheme IV). These results suggest that the addition of organometalics to an a-alkoxyketone is a highly stereoselective and thus synthetically useful strategy. In conclusion, a simple and efficient synthesis of (-)-malyngolide and its stereoisomers was achieved by a stereoselective route (10 stepts from a-alkoxyketone; overall yield of(-)-l and(+)-r, 9.3%-10.3%; and of(+)- 
To a stirred solution of 1,2-0-isopropylidene-D-glyceraldehyde 2 (13.1g, 0.1mol) in dry ether (80ml) was added a solution of 4-pentenylmagnesium bromide prepared from Mg (4.8g, 0.2mol) and 4-pentenyl bromide (29.8g, 0.2mol) in dry ether (120ml) at 0°C. After being stirred for 4hr at room temperature, the mixture was cooled in an ice-bath, quenched by the addition of sat. NH4C1,and extracted with ether. The ether extract was washed with brine and dried over Na2SO4. 
Compound 3b (14.5g, 94%) was prepared from 2 (7.8g, 0.06 mol) and «-nonylmagnesium bromide (3.6g, 0. 15 mol) by the same method as that described for the preparation of 3a from 2, bp 140°C/lmmHg. IRv^KB^cm-1: 3400 was added OsO4 (660mg, 2.6mmol), and the mixture was stirred for 15min at room temperature. To the resulting mixture was added NaIO4 powder (24.7g, 115.5mmol) in small portions over 30min, and stirring was continued for an additional 1.5hr at room temperature. The solids were removed by suction filtration and the filtrate was concentrated. The residue was poured into water and extracted with ether. The extract was successively washed with 1% Na2S2O3 aq., sat. NaHCO3, water and brine, and dried over Na2SO4. After removing the solvent, the residue was purified by silica-gel column chromatography (ether-«-hexane = 1 : 2) to afford a mix- (5S)-5-Formyl-5-tetradecanolide (8a). A mixture of 7a (4.8g, 15mmol) in 20% aqueous acetic acid (120ml) was heated at 85°C for 1 hr. To the reaction mixture was added benzene (500ml), and azeotropic distillation was carried out twice to remove the acetic acid and water. To the residue (5.2g) was added dry benzene (200ml) and Pb(OAc)4 (8g, 18mmol), and the mixture stirred for 30min at room temperature. The reaction mixture was filtered and the nitrate was evaporated in vacuo to remove the benzene. To the residue was added water, before extracting with ether. The extract was washed with sat. NaHCO3and brine, and dried over Na2SO4. Evaporation of the solvent gave a yellow oil and white crystals.
Removal of the crystals by suction filtration gave 3.5 g of crude 8a as a yellow oil, which was used immediately for the next reaction without further purification. {5S)-5-Hydroxymethyl-5-tetradecanolide (9a). To a suspension of NaBH4 (214mg, 5.63mmol) in dry diglyme (22ml) was added a solution of8a (2.2g, 8.66mmol) in dry diglyme (44ml) at 5°C, and the mixture stirred for 40min at 5°C. The mixture was poured into water (100ml) and extracted with AcOEt (60ml x 2). The extract was washed with sat. NaHCO3and brine, and dried over Na2SO4. After evaporating the solvent, the residue was purified by column chromatography on silica-gel (ether-«-hexane = 10: 1) to afford 1.5g of9a as a colorless oil, (67.7% from 7a). [oC -2.37°(c=1.10, CHC13 (5S )-5-tert-Butyldimethylsilyloxymethyl-5-tetradecanolide (10a).'A mixture of 9a (1.4g, 5.5mmol), tertbutyldimethylsilyl chloride (BDMCS, 914mg, 6.1 mmol) and imidazole (938mg, 13.8mmol) in dry DMF (2.9ml) was stirred for 1 hr at room temperature. To the reaction mixture was added 3n HC1before extracting with ether. The extract was washed with brine and dried over Na2SO4.
Removal of the solvent afforded 2.1g of 10a (quantitative).
[<8 -0.88°(c=1.70, CHC13 (5S)-2-Methylene-5-tert-butyldimethylsilyloxymethyl-5-tetradecanolide (lla). To a suspension of NaH(226mg, 9.4mmol) in dry THF (40ml) was added dropwise a mixture of 10a (2.1g, 5.7mmol) and ethyl oxalate (1.7g, ll.7mmol) in dry THF (30ml) at 0°C under nitrogen. After adding EtOH (1-2ml), the mixture was stirred for 4hr at room temperature. The mixture was cooled in an ice-bath, and in turn, a solution of K2CO3 (3.2g, 23.4mmol) in water (4.7ml) and 37% formalin (6.3g, 78mmol) was added. After stirring for 15min at 0-5°C, brine was added and the mixture extracted with ether. The extract was washed with brine and dried over Na2SO4. After removing the solvent, the residue was purified by column chromatography on silica-gel (ether-«-hexane = (30ml), THF (10ml) and water (10ml) was stirred for 5 days at roomtemperature. To the reaction mixture was added water, which was followed by extraction with AcOEt. The extract was washed with sat. NaHCO3and brine, and dried over Na2SO4. After evaporating the solvent, the residue was purified by column chromatography on silica-gel (ether-«-hexane=3 : 7) to afford 1 g of Preparation of la and 7bfrom 4b. The same manner as that for preparing 7a and 7b from 4a was followed.
Treatment of 4b with 4-pentenylmagnesium bromide in dry ether provided a mixture of 5a and 5b (75%), which was in turn trams formed into the corresponding 6a and 6b, and 7a and 7b, respectively. The diastereomeric mixtrure of7a and 7b (1 : 7) could be separated by silica-gel column chromatography.
Elution with ether-ft-hexane (1 : 5) afforded pure 7a and 7b (51% yield from 5).
(5R)-5-Formyl-5-tetradecanolide (8b). In the same manner as that for the preparation of8a, 7b (6.2g, 19mmol) gave 4.1 g of crude 8b.
{5R)-5-Hydroxymethyl-5-tetradecanolide (9b). In the same manner, 8b (4.1g, 16mmol) gave 3.4g of9b (69.9% from 7b). [a]2D°+20.3 (c=1.06, CHC13) . A satisfactory elemental analysis, and IR and NMR spectra were obtained for this product.
{5 R) -tert-Butyldime thylsilyloxyme thyl-5-tetradecanolide (10b).
Following the same procedure as that for the preparation of 10a, 9b (1.7g, 6.6mmol) gave 2.5g of 10b (quantitative), [a] j>8 +0.68°(c= 1.10, CHC13).
{5R-2-Methylene-5-tert-butyldimethylsilyloxymethyl-5-tetradecanolide (lib). In the same manner as that for the preparation of lla, 10b (2.5g, 6.8mmol) gave 1.9g of lib (73%).
{5R)-5-Hydroxymethyl-2-methylene-5-tetradecanolide (12b). In the same manner, lib(1.9g, 5mmol) gave 1.18g of 12b (88.1%).
[aft0 -14.15°(c=2.06, CHC13). A satisfactory elemental analysis, and IR and NMRspectra were obtained for this product.
(2S,5R)-(+)-Malyngolide ((+)-l) and its C2-epimer ((-)-l'). Following the same procedure as that used in the preparation of (-)-l and (+)-l', 12b (1.07g, 4mmol) gave a separable mixture of (+)-l and (-)-l' (1.04g, 97%), which could be separated to each of the pure isomers by silica-gel column chromatography (590 mg of (+)-l and 280mg of(-)-l')à" 
